ndrogen-deprivation therapy for prostate cancer can reduce morbidity, palliate metastases, and improve survival in locally advanced disease when combined with radiation. [1] [2] [3] However, androgen-deprivation therapy alone, in the form of gonadotropin-releasing hormone agonists, is increasingly being used in men with localized prostate cancer (cancer confined to the prostate) and in men in whom the level of prostate-specific antigen (PSA) rises after prostatectomy 4-6 -both situations in which most patients are minimally symptomatic and no survival benefit has been demonstrated. 1, 7 For these reasons, it is important to have accurate data on the toxic effects of androgen deprivation. 8, 9 Bone fractures are of particular concern, given their association with increased mortality in prostate cancer. 10 A rapid loss of bone-mineral density occurs within the first 6 to 12 months of androgen-deprivation therapy. 11, 12 However, the assessment of the risk of fracture associated with this treatment has been limited in previous studies by small numbers and the lack of a control group. [13] [14] [15] [16] We used the linked database of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program and Medicare to assess the risk of fracture associated with androgen deprivation in the form of orchiectomy or treatment with gonadotropinreleasing hormone agonists in a large populationbased sample of men who received the diagnosis of prostate cancer during the period from 1992 through 1997.
The study protocol was approved by the local institutional review board; because of the study design, the requirement of informed consent was waived.
data sources
The SEER-Medicare database links two large population-based sources of data that together provide information on older adults with newly diagnosed cancer. 17 During the 1990s, the SEER program consisted of a group of 11 tumor registries that represented approximately 14 percent of the population.
study subjects
Data on all men 66 years of age or older who received a first diagnosis of prostate cancer in the years from 1992 through 1997 were selected, for a total of 92,474 subjects. To ensure complete information, we excluded patients who were not enrolled in both Part A and Part B Medicare for the 12 months before the diagnosis and the 12 months after the diagnosis (13,352 cases) , were members of a health maintenance organization (17,275 cases), or whose disease had been diagnosed on autopsy or on a death certificate (1076 cases). We limited the comparisons to men with prostate cancer who received at least one dose of a gonadotropin-releasing hormone agonist or underwent orchiectomy within six months after receiving the diagnosis with those with prostate cancer who received neither type of treatment at any time after diagnosis. This limitation excluded 10,158 patients who had started treatment with gonadotropin-releasing hormone agonists or had undergone orchiectomy six months or more after diagnosis. We also performed an analysis that included all patients who received androgen-deprivation therapy during the first 24 months after diagnosis, and this analysis did not substantially alter our results. Overall, data were available for a total of 50,613 patients for the primary sample, with follow-up through 2001.
The variables used in this study are defined in the Supplementary Appendix, which is available with the full text of this article at www.nejm. org. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The primary outcomes were any fracture and fracture resulting in hospitalization. Secondary outcomes were a new diagnosis of osteoporosis and fractures at specific sites.
statistical analysis
The chi-square test was used to compare the proportions of patients who were treated with androgen deprivation according to different categories of baseline characteristics and to compare the proportions of patients with bone-related toxic effects according to the presence or absence of androgendeprivation therapy. The Kaplan-Meier method was used to generate estimates of unadjusted, fracturefree survival. Survival analyses were performed with the use of Cox proportional-hazards regression. The dependent variable was either the time to a first fracture or the time to a first fracture that resulted in hospitalization, depending on the outcome being analyzed. Patients were censored at death, the loss of coverage under Medicare Part A or Part B, or a change to coverage under a health maintenance organization. An examination for interaction between prespecified variables of interest (age, cancer stage, race, and score on a modified form of the Charlson comorbidity index 18, 19 ) and the presence n engl j med 352;2 www.nejm.org january 13 , 2005 The new england journal of medicine 156 or absence of androgen-deprivation therapy on the relative risk of fracture was performed with the use of a Cox model. Race was determined on the basis of the codes for racial and ethnic groups used in the SEER database.
The numbers needed to harm were calculated by taking the inverse of the difference between the rates of fracture adjusted in the Cox model at five years after diagnosis for the group that did not receive androgen-deprivation therapy and the group that did receive it. Although numbers needed to harm are usually reserved for the analysis of clinical trials, we use them here to provide a measure of the absolute effect of androgen-deprivation thera- proportion of patients receiving study treatment † Androgen-deprivation therapy consisted of at least one dose of a gonadotropin-releasing hormone agonist within six months after the diagnosis of prostate cancer. ‡ P values were derived with the chi-square test. § Race or ethnic group was determined on the basis of the codes for race and ethnic group used in the SEER database. ¶ Census-tract data were missing for 893 subjects. The new england journal of medicine 158 * Only patients who survived to 60 months after diagnosis and had continuous coverage under Medicare Parts A and B for the entire period were included. Patients who had bone-related outcomes within the 12 months after diagnosis were excluded. The proportion was calculated as the fraction of patients in whom at least one bone-related toxic effect developed during the relevant period. P values are for the comparison between androgen-deprivation therapy and no androgen-deprivation therapy. For the analysis of toxic effects, there were 6650 patients who received androgen-deprivation therapy and 20,035 who did not, with the exception of the analysis of osteoporosis, in which there were 6953 patients who received androgen-deprivation therapy and 20,614 who did not. The rates of occurrence of various bone-related toxic effects during the 12 months before the diagnosis of prostate cancer and during the period of 12 to 60 months after diagnosis were compared between the group that received androgen-deprivation therapy and the group that did not ( Table 2) .
To ensure complete follow-up, data on patients who died or lost coverage under Medicare Part A or Part B during the 60 months after diagnosis were excluded. In addition, data on patients with bone-related toxic effects that occurred during the first 12 months after diagnosis were excluded, because these outcomes were considered unlikely to be related to the therapy (and reanalysis including these patients did not substantially alter the results).
There was a small but statistically significant increase in the proportion of patients with any fracture during the 12 months before diagnosis in the group that received androgen-deprivation therapy as compared with the group that did not receive androgen-deprivation therapy. All bone-related toxic effects developed significantly more frequently during the 12 to 60 months after diagnosis in the androgen-deprivation group. During this period, 19.4 percent of those in the androgen-deprivation group had a fracture, as compared with 12.6 percent of those not receiving the study treatment (P<0.001). In the same four-year period, 5.2 percent of those treated with androgen-deprivation therapy were hospitalized with a fracture, as compared with 2.4 percent of those not treated (P<0.001).
We repeated the analysis shown in Table 2 , restricting it to data on patients with stage I, II, or III disease according to the criteria of the American Joint Committee on Cancer (AJCC) and low-grade or moderate-grade prostate cancer. The results of the two analyses were similar. For example, the rate of hospitalization with fracture in the latter analysis was 4.9 percent among patients who received androgen-deprivation therapy as compared with 2.2 percent among those who did not (P<0.001).
unadjusted fracture-free survival
The Kaplan-Meier method was used to generate unadjusted estimates of survival free of any fracture among the groups that did or did not receive androgen-deprivation therapy (Fig. 1) . All subjects who survived at least 12 months after the diagnosis of prostate cancer were included in the analysis. Androgen-deprivation therapy was divided between those who underwent orchiectomy and those who received gonadotropin-releasing hormone agonists, stratified according to the number of doses received (one to four, five to eight, or nine or more doses) in the year after diagnosis. Patients who had fractures in the first year after diagnosis were excluded. Those who underwent orchiectomy and those who received nine or more doses of gonadotropin-releasing hormone agonists in the year after diagnosis had the lowest rates of fracture-free survival. The curves for the groups that underwent orchiectomy or received five to eight doses or nine or more doses of gonadotropin-releasing hormone agonists diverged from that for the group that did not receive androgen-deprivation therapy over the entire period of follow-up.
fracture risk and androgen-deprivation therapy
The risk of any fracture associated with androgendeprivation therapy was assessed with the use of a Cox regression model adjusted for variables related to the patient and the cancer, other cancer treatment received, and a diagnosis of fracture, os- The survival curves start at 12 months after diagnosis, and androgen deprivation was initiated within 6 months after diagnosis. GnRH denotes gonadotropin-releasing hormone. The number of doses is the number administered within 12 months after diagnosis. The new england journal of medicine 160 teoporosis, or osteopenia during the year before the diagnosis of cancer (Table 3) . Patients who died during the year after diagnosis or who had fractures during those 12 months were excluded. Subjects were followed for a mean of 5.1 years after diagnosis.
The relative risk of the occurrence of any fracture or a fracture that resulted in hospitalization increased steadily with the increasing number of doses of a gonadotropin-releasing hormone agonist received during the first year after diagnosis (P<0.001 for linear trend). This trend was also significant (P<0.001) when the number of doses of a gonadotropin-releasing hormone agonist received during the 24 months after diagnosis was examined (data not shown). The relative risk of any fracture was 1.45 (95 percent confidence interval, 1.36 to 1.56) among those receiving nine or more doses of gonadotropin-releasing hormone agonist in the first 12 months after diagnosis and 1.54 (95 percent confidence interval, 1.42 to 1.68) among those who underwent orchiectomy. For the relative risk of fracture resulting in hospitalization, the risk was 1.66 (95 percent confidence interval, 1.47 to 1.87) for nine or more doses of gonadotropinreleasing hormone agonist and 1.70 (95 percent confidence interval, 1.48 to 1.96) for orchiectomy.
With reference to the sites of fracture typically associated with osteoporosis (e.g., hip, spine, and forearm), the relative risk was 1.62 (95 percent confidence interval, 1.47 to 1.78) for nine or more doses of gonadotropin-releasing hormone agonist in the year after diagnosis and 1.63 (95 percent confidence interval, 1.45 to 1.82) for orchiectomy. Among examination for interaction
Interactions were tested on the basis of the Cox model presented in Table 3 . There were no statistically significant interactions between cancer stage or race or ethnic group and androgen deprivation. There were significant interactions between scores on the comorbidity index and androgen deprivation (P=0.005), and between age and androgen deprivation (P=0.01) on the risk of fracture. The relative risk of any fracture at different doses of gonadotropin-releasing hormone agonist or with orchiectomy tended to decline with advancing age, although subjects 80 years of age or older who received nine or more doses of gonadotropin-releasing hormone agonist were still at an increased risk of subsequent fracture (relative risk, 1.32; 95 percent confidence * RR denotes relative risk, and AJCC American Joint Committee on Cancer. † Patients who had fractures or who died during the first 12 months after diagnosis were excluded. All patients had to have continuous coverage under Medicare Parts A and B for at least 12 months before and after diagnosis. Cox proportionalhazards regression was performed with the time to fracture as the dependent variable and the following entered simultaneously as dependent variables: the presence or absence of androgen-deprivation therapy, age, race or ethnic group, SEER region, grade of prostate cancer, cancer stage, year of diagnosis, level of education according to Census tract, income above or below the poverty line according to Census tract, score on the comorbidity index, number of provider visits within the 12 months before diagnosis, presence or absence of osteoporosis, osteopenia, or fracture within the 12 months before diagnosis, and presence or absence of treatment with radical prostatectomy or radiation therapy. Outcomes were censored at the time of death or a change from coverage under Medicare Parts A and B, or at the end of the follow-up period. Results for the SEER region, Census tract data on education and income, number of provider visits in the 12 months before diagnosis, and presence or absence of osteoporosis, osteopenia, or fracture within the 12 months before diagnosis are not presented. ‡ The number of doses signifies doses received within the 12 months after diagnosis for patients in whom treatment with gonadotropin-releasing hormone agonists was initiated within 6 months after the diagnosis. The new england journal of medicine 162 interval, 1.18 to 1.48). The relative risk of fracture related to androgen-deprivation therapy decreased with an increasing score on the modified Charlson comorbidity index. 18, 19 For instance, the relative risk of fracture with nine or more doses of gonadotropin-releasing hormone agonist was 1.62 (95 percent confidence interval, 1.48 to 1.76) for a score of 0 on the comorbidity index, but it was 1.03 (95 percent confidence interval, 0.82 to 1.31) for a score of 3 or more on the comorbidity index. The full model for these interactions is presented in the Supplementary Appendix.
numbers needed to harm
The number needed to harm for the occurrence of any fracture during the period 12 to 60 months after the diagnosis of prostate cancer was 28 (95 percent confidence interval, 26 to 31) for any use of a gonadotropin-releasing hormone agonist and 16 (95 percent confidence interval, 13 to 19) for orchiectomy. Because the relative risk of fracture varied according to the age of the subject and the total number of doses of gonadotropin-releasing hormone agonist received in the year after diagnosis, this relationship was expressed by calculating the number needed to harm according to age and number of doses (Table 4 ). There was a pattern of lower numbers needed to harm with an increasing total number of doses of gonadotropin-releasing hormone agonist administered and with increasing age. For example, the number needed to harm was 74 (95 percent confidence interval, 50 to 146) among those 66 to 69 years of age who received one to four doses of a gonadotropin-releasing hormone agonist during the year after receiving the diagnosis of prostate cancer, whereas it was 12 (95 percent confidence interval, 11 to 13) among those 80 years of age or older who received nine or more doses during the same period.
We found that androgen-deprivation therapy is associated with an increase in the risk of fracture among older men with prostate cancer. The risk increases with the number of doses of a gonadotropin-releasing hormone agonist administered during the first year after diagnosis. This study provides an estimate of the risk of fracture that is attributable to androgen-deprivation therapy by including patients who were not treated with androgen deprivation and adjusting for confounding variables.
The hazard ratios we found were moderate but could nevertheless be clinically important, given the substantial underlying rate of fracture in our study population, which consisted of elderly men. Given an annual incidence of prostate cancer of more than 220,000, given that more than 40 percent of patients receive gonadotropin-releasing hormone agonists as an initial treatment, 5, 6 and given a number needed to harm of 28, approximately 3000 excess fractures per year would be attributable to the use of treatment with gonadotropin-releasing hormone agonists.
Several confounding factors may account for the apparent risk of fracture related to androgen deprivation. Older age and more advanced stages of cancer are associated with both androgen-deprivation treatment 4 and fracture. 29 In addition, patients who are about to undergo androgen-deprivation therapy tend already to have lower bone-mineral density. 12, 30 However, the association between androgen deprivation and fracture remained after extensive adjustment for known confounders and preexisting bone disease, and our results have biologic plausibility. Both orchiectomy and gonadotropin-releasing hormone agonists accelerate bone loss, 29, 31 and low bone-mineral density is strongly associated with an increased risk of fracture. 32 Moreover, there was a significant dose-response relation between the number of doses of gonadotropin-releasing hormone agonists administered and the risk of fracture.
A limitation of the study was that we did not exclude from the analysis fractures that were related to bone metastases. However, only 7 to 16 percent discussion * Estimates were calculated on the basis of adjusted rates of fracture five years after diagnosis from a Cox model with any fracture as the outcome. Doses of a gonadotropin-releasing hormone agonist were grouped according to the number of doses received within the 12 months after diagnosis. CI denotes confidence interval. (12) (13) (14) (15) (16) (17) of the fractures in prostate cancer are secondary to bone metastases. 14, 15 In addition, the risk of fracture associated with androgen-deprivation therapy was not reduced when the analysis was restricted to patients with early-stage cancer, who would be less likely to have bone metastases. Another limitation was that we restricted our analysis to the risk of fracture associated with the number of doses of a gonadotropin-releasing hormone agonist given in the first year after diagnosis. Longer periods of exposure to gonadotropin-releasing hormone agonists may be associated with a higher risk of fracture. 33 One important implication of this study concerns the assessment of the risks and benefits of androgen-deprivation therapy. There was a dramatic increase in the use of such therapy during the 1990s 4-6 ( Table 1 ). The reasons for this increase may include demonstrated efficacy in patients with locally advanced cancer, the financial incentives to providers, and the urge, on the part of physicians and patients, to do something in the face of a rising PSA level. Our findings, along with those of smaller clinical series, [13] [14] [15] underscore that such treatment is not benign. The risk of fracture and other toxic effects should therefore figure prominently in discussions between physician and patient with regard to the decision to initiate androgen-deprivation therapy, particularly in settings where its efficacy is uncertain. Most of the patients in whom androgen deprivation is used as the primary therapy have localized prostate cancer, 4 and gonadotropin-releasing hormone agonists are commonly prescribed for patients with a rising PSA level after radical prostatectomy. Yet there is no evidence from clinical trials of a survival benefit for androgen-deprivation therapy in either of these settings. 1 A second implication is that trials of interventions to lower the risk of fracture among patients with prostate cancer are needed. Parenterally administered bisphosphonates have been shown to prevent the loss of bone-mineral density after androgen-deprivation therapy for prostate cancer. 34, 35 Current recommendations are that men with prostate cancer who are being treated with androgen deprivation should have their bone-mineral density monitored and should commence bisphosphonate therapy if osteoporosis develops or a fracture occurs. 16 Large prospective trials are required to assess the efficacy and the cost-effectiveness of bisphosphonate treatment to reduce the risk of fracture among men receiving androgen-deprivation therapy.
In conclusion, our study shows that androgen deprivation in the form of orchiectomy or treatment with gonadotropin-releasing hormone agonists is associated with an increased risk of fracture in patients with prostate cancer. This finding underscores the need for caution in the use of these therapies in settings without clear evidence of a benefit. Trials of therapies such as bisphosphonates to lower the risk of fracture are needed in patients for whom gonadotropin-releasing hormone agonists are clearly indicated.
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